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(54) Insulated gate bipolar transistor type semiconductor device 



(57) A semiconductor device is provided which 
includes a first-conductivity-type collector layer (2) hav- 
ing a rear surface on whidi a collector electrode (1) is 
formed, a second-conduclivity-type buffer layer (3) lam- 
inated on the collector layer (2), a second-conductivity- 
type conductivity modulation layer (4) formed on the 
buffer layer (3), a first-conductivity-type emitter layer 
(7a. 7b) formed as a well in a surface of the conductivity 
modulation layer (4). a second-conductivity-type source 
layer (9A. SB) formed in a surface of a well edge portion 
of the emitter layer (7a. 7b). a gate electrode (6) formed 
through a gate insulating film (5) to overlap the source 
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layer (9A) and the conductivity modulation layer (4), and 
an emitter electrode (8) tliat is in ohmic contact with 
kxyth the emitter layer and the source layer. In the 
present device, the source layer includes a source 
region (9A) formed in the well edge of the emitter layer 
(7a, 7b), and a source contact region (9B) formed adja- 
cent to the source region (9 A) and heki in ohmic contact 
with the emitter electrode (8). This source contact 
region (98) has a higher impurity concentration than the 
source region (9A). 
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Descripti n 

The present Invention generally relates to semicon- 
ductor devices, and in particular to a semiconductor 
device structure for an insulated gate bipolar transistor 5 
(IGBT). 

As a switching semiconductor device having a 
large-cun-ent capacity and low saturation voltage (low 
ON-state voltage), there is known an insulated gate 
bipolar transistor (1G6T) that is also called a conductiv- io 
ity modulation type transistor. As shown in Fig. 16, a 
known semiconductor structure of pnp type IGBT 
Includes a p^-type collector layer (minority carrier 
injected layer) having a rear surface connected to a col- 
lector electrode 1, n*-type buffer layer 3 laminated on is 
the collector layer 2, and an n'-type conductivity modu- 
lation layer (n base) 4 formed by epitaxial growth on the 
buffer layer 3. The semiconductor structure further 
includes a gate electrode 6 made of polysiltcon and 
formed on the surface of the conductivity modulation 20 
layer 4 through a gate insulating film 5, p-type emitter 
layer (p base) 7 formed as a well in a surface of the con- 
ductivity modulation layer 4 in a self-aligned manner 
using the gate electrode 6 as a mask, n*-type source 
layer 9 formed as a well, and an aluminum emitter elec- 2S 
trode 8 formed on the emitter layer 7. 

In the IGBT having the above-described vertical 
DMOS structure, when a positive potential with respect 
to the emitter electrode 8 is applied to the gate electrode 
6, an n channel as an inversion layer is formed in a sur- 30 
face of the p-type emitter layer 7 which provides a chan- 
nel diffusion layer (back gate) right under the gate 
electrode 6. Through this channel, electrons (majority 
carriers of the n'-type conductivity modulation layer 4) 
are injected from the emitter electrode 8 and source 35 
layer 9 into the conductivity modulation layer 4. In 
response to this, holes (minority carriers of the n"-type 
conductivity modulation layer 4) are injected from the 
collector layer 2 into the conductivity modulation layer 4. 
with a result of a rapid increase in the conductivity of the 40 
conductivity modulation layer 4. As a result, the pnp 
transistor is turned on, and large current flows through 
the transistor, to provide a low ON-state voltage (low 
collector-emitter voltage). 

When a load is short-circuited, for example, hole 45 
cun-ent Ih flowing into the emitter electrode 8 through 
the portion of the emitter layer 7 right under the source 
layer 9 is rapidly increased, and the voltage drop due to 
the diffusion resistance (p base resistance) rQ at the 
portion right under the source layer 9 is Increased. As a so 
result, the pn junction between the p-type emitter layer 
7 and the n*-type source layer 9 tends to be forward 
biased, resulting in latch-up of a parasitic transistor 
(npn-type transistor consisting of the n'-type conductiv- 
ity modulation layer 4. p-type emitter layer 7 and the n+- ss 
type source layer 9). Thus, the known IGBT has low 
capability, to withstand breakdown upon load short- 
circuiting (low ability to prevent latch-up). 

To Improve the ability to prevent latch-up. it is effec- 



tive to lower the cun-ent amplification factor hp^ of the 
parasitic npn-type transistor. To this end, the impurity 
concentration of the p-type emitter layer 7 or that of the 
n'^-type source layer 9 needs to be lowered. If the impu- 
rity concentration of tiie p-type emitter layer 7 Is low- 
ered, however, the diffusion resistance r^ in the emitter 
layer 7 is undesirat)ly increased. If the impurity concen- 
tration of the n'*'-type source layer 9 is lowered, the con- 
tact resistance between the source layer 9 and the 
emitter electrode 8 Is increased. 

In view of the above, a structure as shown in Fig. 1 7 
has been proposed which is intended to enhance the 
ability to prevent latch-up upon load short-circuiting, for 
example. In the IGBT structure shown in Fig. 17(a), the 
emitter electrode 8 does not directly contact the stripe- 
like source layer 9 which extends in the gate-width 
(channel-width) direction of the gate electrode 6, but is 
in conductive contact with a plurality of branch portions 
9a that extend like a comb from the source layer 9, such 
that the diffusion resistance exists as a parasitic ele- 
ment in each narrowed k^ranch portion 9a. 

Thus, in the IGBT semicorKluctor structure in which 
the diffusion resistance rs Is equivalentiy present 
between the source layer 9 and the emitter electrode 8. 
even if the voltage drop due to the diffusion resistance 
rg increases with a rapid increase in the hole current Ih 
flowing irito the emitter electrode 8 through the portion 
of the emitter layer 7 right under the source Is^er 9 upon 
load short-circuiting, for example, tiie voltage drop due 
to the diffusion resistance rs increases at the same time 
witii a rapid increase in tiie electron current Ie flowing 
through the source layer 9. Due to the Increases In the 
voltage drops due to both of the diffusion resistance rg. 
rs, the pn junction between the emitter layer 7 and the 
source layer 9 is less likely to be forward biased, thus 
reducing the likelihood of latch-up of the parasitic npn- 
type transistor. Thus, tiie IGBT structure of Fig. 17(a) 
shows increased capability to withstand breakdown 
upon load short-circuiting. 

In the IGBT structure as shown in Fig. 17(b). a plu- 
rality of mutually isolated source layers 9b are formed 
such that these layers 9b are spaced from each other in 
tiie gate-width (channet-widtii) direction of the gate 
electrode 6. and the emitter electrode 8 is formed to 
overlap these source layers 9b. In this locally discon- 
nected channel structure, the emitter electrode 8 Is not 
conducted to the channel right under tiie gate electrode 
6 through the portions interposed between the source 
layers 9b, and thus the diffusion resistance rs exists as 
a parasitic element between the source layer 9b and the 
emitter electrode 8, as in the structure of Fig. 17(a). In 
this arrangement, the structure of Rg. 1 7(b) also shows 
improved capability to withstand breakdown upon load 
short-circuiting, due to tiie concurrent Increases In tiie 
voltage drops due to the diffusion resistance. 

In tiie IGBT structures as shown In Figs. 17(a). 
17(b), however, there is a problem as described below. 

Namely, these structures are effective to improve 
the ability to prevent latch-up by rapidly Inaeasing tiie 
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voltage drop due to the diffusion resistance ts of the 
source layer 9. where excess voltage is applied upon 
load short-circuiting, for exanrtple. In the normal ON 
state (when no excess voltage is applied), however, 
electron current flows through the diffusion resistance 
rs, and the voltage drop due to the resistance is contin- 
ued, with a result of an increased ON-state voltage (col- 
lector saturation voltage) VcE(sat)' and increased ON- 
state loss. 

It is therefore an object of the present invention to 
provide a semiconductor device with an insulated gate 
bipolar transistor whose structure or electric character- 
istic is improved, so as to operate with a low ON-state 
voltage during a normal operation, while assuring high 
ability to prevent latch-up of a parasitic transistor. 

This object is achieved with a semiconductor device 
as claimed in claims 1 . 5 and 7, respectively. Prefen-ed 
embodiments of the invention are subject-matter of the 
dependent claims. 

To accomplish the above object, there is provided 
according to the first aspect of the present invention a 
semiconductor device which comprises: a first-conduc- 
tivity-type collector layer having a rear surface on which 
a collector electrode is formed; a second-conductivity- 
type buffer layer laminated on the collector layer; a sec- 
ond-conductivity-type conductivity modulation layer 
formed on the buffer layer; a first-conductivity-type emit- 
ter layer formed as a well in a surface of the conductivity 
modulation layer; a second-conductivity-type source 
layer formed in a surface of a welt edge portion of the 
emitter layer; a gate electrode formed through a gate 
insulating film to overlap the source layer and the con- 
ductivity modulation layer; and an emitter electrode that 
Is in ohmic contact with both the emitter layer and the 
source layer; wherein the second-conductivity-type 
source layer Includes a second-conductivity-type 
source region formed in the well edge of the emitter 
layer, and a second-conductivity-type source contact 
region formed adjacent to the source region and held in 
ohmic contact vt^h the emitter electrode, the source 
contact region having a higher inrpurlty concentration 
than the source region. 

In the semiconductor device as described above, 
the second-conductivity-type source layer does not 
have a uniform Impurity concentration, but consists of a 
high-impurity-concentration source contact region, and 
a source region having a lower impurity concentration 
than the source contact region. In this arrangement, the 
current amplification factor of a parasitic transistor (con- 
sisting of the conductivity modulation layer, emitter layer 
and source region), which tends to latch up upon load 
short-circuiting, is lower than that of the known struc- 
ture, thus assuring improved ability to prevent latch-up 
of the parasitic transistor upon load short-circuiting. 
With the high-impurity-concentration source contact 
region attached or connected to the source regbn. the 
contact resistance is not increased, and the low ON- 
state voltage can be maintained. Also, the turn-on 
speed is not reduced. 



In one preferred form of the atx)ve aspect of the 
invention, the first-conductivity-type emitter layer 
includes a first-conductivity-type high-impurlty-concen- 
tration main emitter region in the form of a well, and a 

5 first-conductivity-type outer-contact emitter region in the 
form of a well, which is formed adjacent to a well edge 
of the main emitter region, to be located outside of the 
main emitter region and to have a depth smaller than 
that of the main emitter region. In this case, since the 

w emitter layer is divided into regions having different 
impurity concentrations, i.e.. into the outer-contact emit- 
ter region which provides the channel diffusion layer of 
the MOS portion, and the high-impurity-concentration 
main emitter region, the diffusion resistance value of the 

15 portion right urxler the source contact region is reduced 
due to the high impurity concentration of the main emit- 
ter region, without incurring variations in the threshold 
voltage of the MOS portion, thus minimizing the likeli- 
hood of latch-up. Thus, the present structure shows 

20 improved ability to prevent latch-up of the parasitic tran- 
sistor. 

In another preferred form of the invention, the first- 
conductivity-type emitter layer further includes a first- 
conductivity-type inner-contact emitter region in the 

25 form of a well, which is formed adjacent to the well edge 
of the main emitter region, to be located inside the main 
emitter region, has a depth smaller than that of the main 
emitter region and has a higher impurity concentration 
than the main emitter region. In this arrangement, the 

30 diffusion resistance value is further reduced since the 
inner-contact emitter region having a higher inpurity 
concentration than the main emitter region is formed in 
addition to the high-impurity-concentration emitter 
region. 

35 The main emitter region may include a f irst-oonduc- 
tivity-type comb-shaped expanded portion which 
extends through a connected portion between the 
source region and the source contact region up to a sur- 
face of the source layer. In this case, the diffusion resist- 

40 ance exists as parasitic elements in narrowed portions 
of the second-conductivity-type source region that are 
defined by the expanded portion of the emitter region. In 
this arrangement, even if the potential of the outer-con- 
tact emitter region increases with a voltage drop due to 

45 the diffusion resistance in the emitter region when 
excess current flows upon load short-circuiting, the volt- 
age of the source region increases at the same time 
with a voltage drop due to the above parasitic resist- 
ance. As a result, the pn junction between the source 

50 region and the outer-contact emitter region is less likely 
to be forward biased, assuring increased ability to pre- 
vent latch-up. 

According to the second aspect of the present 
invention, there is provided a semiconductor device 

55 comprising: a first-conductivity-type first insulated gate 
bipolar transistor (IGBT) in which current is controlled 
by a gate electrode; and a first-conductivity-type second 
IGBT which is connected to the first IGBT in parallel to 
provide a monolithic structure, and in which current is 
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Figs. 2(a) to 2(e) 



Figs. 3(a) to 3(d) 



Fig. 4 



controlled by the gate electrode, the second IGBT hav- 
ing a threshold voltage Vth2 that is higher on the order 
of 1 volt than a threshold voltage Vthi of the first IGBT. 
In this circuit arrangement, the threshold voltage of the 
composite IGBT is made equal to the low threshold vdt- 5 Fig. 1 
age of the first IGBT, whereby normal switch-on/off 
operations can be effected without any problem, and the 
ON-state voltage is not Increased. Upon short-circuiting 
of a load, the value of the collector saturation current of 
the composite IGBT is made lower than that of the first 10 
IGBT 1 . thus assuring improved capability to withstand 
short-circuiting of a load. 

In one preferred form of the second aspect of the 
invention, the first IGBT has an ON-state resistance that 
is higher than an ON-state resistance of the second 
IGBT. In this case, the Transconductance of the IGBT 1 
becomes smaller than that of the IGBT 2. thereby ena- 
bling the composite IGBT to suppress the excess cur- 
rent upon load short-circuiting. 

According to a third aspect of the present invention, 
there is provided a semiconductor device which com- 
prises: a first-conductivity-type collector layer having a 
rear surface on which a collector electrode is formed; a 
second-conductivity-type buffer layer laminated on the 
collector layer; a second-conductivity-type conductivity 
modulation layer formed on the buffer layer; a first-con- 
ductivity-type emitter layer formed as a well in a surface 
of the conductivity modulation layer; a second-conduc- Fig 5 
tivity-type source layer formed in a surface of a well 
edge portion of the emitter layer; a first gate electrode 30 
formed through a gate insulating film to overlap the 
source layer and the conductivity modulation layer; a 
second-conductivity-type source contact layer formed in 
a surface of the emitter layer to be spaced from the 
source layer; a second gate electrode formed through a 35 Figs. 6(a) to 6(c) 
gate insulating film to overlap the source layer and the 
source contact layer; and an emitter electrode that is in 
ohmic contact with both the emitter layer and the source 
contact layer. 

When short-circuiting of a load occurs, the lateral 
MOSFET consisting of the source contact layer, source 
layer and second gate electrode operates in a saturated 
region (non-linear region), in which the excess current is 
unlikely to flow since the current is limited by the satura- 
tion current Thus, the present semiconductor device 4S 
has an improved ability to prevent latch-up of a parasitic Fig. 8(a) 
transistor. Since the lateral MOSFET is turned off upon 
turn-off of the IGBT. the source layer is not connected to 
the emitter electrode and brought into a floating condi- 
tion. This makes it possible to prevent latch-up which so 
would otherwise be likely to occur upon turn-off. Fig. 8(b) 

In one prefenred form of the above aspect of the 
invention, the semiconductor device further includes a 
second emitter electrode which is in ohmic contact with 
the surface of the well edge portion of the emitter layer. 55 
Since the current flows into the second emitter elec- Fig. 9 
trode through a shorter path in the emitter layer, the dif- 
fusion resistance value is lowered, and the capability to 
withstand load short-circuiting can be further improved. 



This invention will be described in greater detail 
with reference to certain preferred embodiments thereof 
and the accompanying drawings, wherein: 



40 Figs. 7(a) and 7(b) 



is a cross sectional view show- 
ing an IGBT sernlconductor 
structure according to the first 
embodiment of the present 
invention; 

are cross sectional views show- 
ing steps of manufacturing the 
semiconductor structure of the 
first embodiment; 

are cross sectional views show- 
ing steps of manufacturing the 
semiconductor structure of the 
first embodiment, following the 
steps of Figs. 2(a) to 2(e); 

is an enlarged perspective view 
showing an IGBT semiconductor 
structure according to the sec- 
ond emkxxiiment of the present 
invention: 

is a graph showing the relation- 
ship between the surface impu- 
rity concentration and the 
surtece position as viewed in the 
cross section taken along line A- 
A' of Fig. 4; 

are perspective views showing 
steps of manufcicturing the sem- 
iconductor structure of the sec- 
ond embodiment; 

are perspective views showing 
steps of manufacturing the sem- 
iconductor structure of the sec- 
ond emtKxiiment. following the 
steps of Figs. 6(a) to 6(c); 

is a circuit diagram showing a 
circuit arrangement of IGBT 
according to the third emtxxii- 
ment of the present invention; 

is a graph showing the relation- 
ship between collector satura- 
tion current and emitter>gate 
voltage of the IGBT; 

is a cross sectional view show- 
ing the first semiconductor struc- 
ture which provides the 
composite IGBT of Rg. 8(a); 
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Fig. 10 



Fig. 11 



Fig. 12(a) 



Fig. 12(b) 



Fig. 13 



Fig. 14(a) 

Fig. .14(b) 
Fig. 14(c) 
Fig. 15(a) 

Fig. 15(b) 
Fig. 15(c) 
Rg. 16 

Fig. 17(a) 



is a cross sectional view show- 
ing the second semiconductor 
structure which provides the 
corrtposite IGBT of Fig. 8(a): 

is a cross sectional view show- 
ing the third semiconductor 
structure which provides the 
composite IGBT of Fig. 8(a); 

is a cross sectional view show- 
ing another semiconductor 
structure which provides the 
composite IGBT; 

is a graph showing the relation- 
ship between collector satura- 
tion current and emitter-gate 
voltage of the structure of Ftg. 
12(a); 

is a cross sectional view show- 
ing a semiconductor structure of 
IGBT according to the fourth 
embodiment of the present 
invention; 

is a plan view showing a planar 
pattern that realizes the semi- 
conductor structure of Fig. 13; 

is a cross sectional view taken 
along line A-A* of Fig. 14(a); 

is a cross sectional view taken 
along line B-B* of Fig. 14(a); 

is a plan view showing a planar 
pattern of a structure as an 
improvement of the structure of 
Fig. 14; 

is a cross sectional view taken 
along line A-A* of Fig. 15(a); 

is a cross sectional view taken 
along line B-B' of Fig. 15(a); 

is a cross sectional view show- 
ing a general semiconductor 
structure of a known IGBT; 

is a perspective view in cross 
section, showing a semiconduc- 
tor structure of a known IGBT 
wherein diffusion resistance is 
provided in narrowed portions of 
a source layer, and 



Fig. 17(b) 



is a perspectiv view in cross 
section, showing another semi- 
conductor structure of a known 
IGBT which has a locally discon- 
nected channel structure. 
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Rrst Embodiment 



Fig. 1 is a cross sectional view showing an IGBT 
semiconductor structure according to a first embodi- 
ment of the present invention. 

The IGBT semiconductor structure of the present 
emkxKliment, which is of pnp type, includes a p~-type 
collector layer (minority carrier injected layer) 2 having a 
rear surface connected to a collector electrode 1, n"^- 
type buffer layer 3 laminated on the other (front) surface 
of this collector layer 2, n-type conductivity modulation 
layer (n base) 4 that is epitaxially grown on the buffer 
layer 3. and p^-type main emitter regions (p base) 7a in 
the form of deep wells, which are formed in the surface 
of the conductivity modulation layer 4. The semiconduc- 
tor structure further includes gate electrodes 6 made of 
pdysilicon and formed on the surface of the conductivity 
modulation layer 4 through gate insulating films 5. outer- 
contact p-type emitter regions 7b formed adjacent to the 
well edges of the main emitter regions 7a. i.e., formed in 
the surface of the conductivity modulation layer 4 out- 
side of and contiguous to the main emitter regions 7a at 
a smaller depth than the latter, small-depth n-type 
source regions 9A formed in the surfaces of the outer- 
contact emitter regions 7b, n"^-type source contact 
regions 9B formed in the surfaces of the main emitter 
regions 7a and connected to the n-type source regions 
9A. and emitter electrodes 8 made of aluminum and 
held in ohmic contact with both the source contact 
regions 9B and main emitter regions 7a. 

In comparison with the known structure of IGBT as 
shown in Fig. 16. the IGBT structure of the present 
emtKXliment has novel features in that each n*-type 
source layer 9 of the known structure is divided into the 
source region 9A of a limited size, and the high-innpu- 
rity-concentration source contact region 9B that is in 
ohmic contact with the corresponding emitter electrode 
8. 

Since the n-type source layer 9A having a relatively 
low impurity concentration, rather than that of n"^-type, is 
used in the present embodiment, a parasitic transistor 
(npn type transistor consisting of n~-type conductivity 
modulation layer 4, p-type outer-contact emitter region 
7b and n-type source region 9A) which tends to latch up 
upon load short-circuiting, has a lower current amplifi- 
cation factor hp£ than that of the known structure showm 
in Fig. 16. Thus, the present structure has an improved 
ability to prevent latch-up. and increased capability to 
withstand breakdown upon load short-drcurting. With 
the n'*'-type source contact region 9B connected to the 
n-type source region 9A. the contact resistance is not 
increased, arxj the ON-state voltage can be maintained 
at a low level, while the turn-on speed is not reduced. 



5 



3NSDOCID: <EP 081 0671 A2J_> 



EP0 810 671 A2 



Further, in the present embodiment, each emitter 
layer (7a. 7b) is divided into regions having different 
impurity concentrations, namely, into the p-type outer- 
contact emitter region 7b which provides a channel dif- 
fusion layer of a MOS portion, and the p'^-type main 
emitter region 7a. in this arrangement, the diffusion 
resistance (p base resistance) r^ in the portion of the 
emitter layer right below the source contact region 9B is 
particularly reduced owing to the increased impurity 
concentration of the main emitter region 7a. without 
incurring variations in the threshold voltage of the MOS 
portion. Accordingly, the voltage drop due to the diffu- 
sion resistance caused by hole current Ih can be 
reduced when a load is short-circuited, and the pn junc- 
tion between the outer-contact emitter region 7b and 
source region 9A is less likely to be forward-biased, 
thereby minimizing the likelihood of parasitic latch-up. 
Thus, the present structure exhibits improved ability to 
prevent latch-up than the known structure. 

A method of manufacturing the IGBT semiconduc- 
tor structure of the first emkxxiiment will now be 
explained with reference to Rgs. 2(a)-2(e). Initially, the 
n+'type buffer layer 3 is lan^nated on the p'^-type collec- 
tor layer 2 to provide a semiconductor substrate 10. as 
shown in Fig. 2(a). The n -type conductivity modulation 
layer (n base) 4 is then epitaxially grown on the n'*'-type 
buffer layer 3. Then, an initial oxidation process is 
effected, so that the suriace of the n'-type conductivity 
modulation layer 4 is covered with a thick silicon oxide 
film 11. Sut>sequently, openings 11a for forming the 
main emitter regions 7a are formed through the silicon 
oxide film 1 1 in a photolithographic process, as shown 
in Fig. 2(b). Thereafter, boron ions B*^ are implanted so 
as to dope acceptors. In the next step, the boron ions 
are driven into the n'-type conductivity modulation layer 
4, so as to form well-shaped p'*'-type main emitter 
regions 7a. as shown in Fig. 2(c). Another oxidation 
process is then conducted so that the openings 11a are 
covered with thick silicon oxide films lit). In the next 
step, a middle portion of each silicon oxide film 1 lb on 
the main emitter region 7a is left as an implant mask 11c 
while the remaining portions of oxide films 11, lib are 
removed in a photolithographic process, as shown in 
Fig. 2(d). After a gate oxidation process is conducted to 
form gate insulating films 5. as shown in Fig. 2(e), the 
gate electrodes 6 made of polysilicon are formed on 
portions between adjacent main emitter regions 7a, 7a 
by photolithography. 

Referring now to Figs. 3(a) - 3(d). boron ions B* are 
implanted (channel doping) in a self-aligning manner 
using the silicon oxide films 1 1c and gate electrodes 6 
as masks, so as to dope acceptors, as shown in Fig. 
3(a). Thereafter, channel driving is conducted to diffuse 
p-type regions into small-depth end portions of the wells 
of the p'*'-type main emitter regions 7a. so that the outer- 
contact emitter regions 7b are formed outside the well 
edges of the main emitter regions 7a. Since a portion of 
the diffused p-type region is located in the correspond- 
ing small-depth end portion of the well of the p'*'-type 



10 

main emitter region 7a, the main emitter region 7a is 
provided at its opposite ends with high-impurity-concen- 
tration (heavily doped) regions 7c of nearly p** type. In 
the next step as shown in Fig. 3(b), high concentration 

5 of phosphorus or arsenic ions are inrplanted as donors 
in a self-aligning manner using the silicon oxide films 
1 1c and gate electrodes 6 as masks, to provide small- 
depth n-type source layers 9' in surface layers of the 
main emitter regions 7a and outer-contact emitter 

10 regions 7b. As a result, the n-type source region 9A is 
formed in the surface layer of each outer-contact emitter 
region 7b. while the p*-type region 98* is formed in the 
surtece layer of each inner-contact emitter region 7c of 
the main emitter region 7a 

15 In the next step as shown in Fig. 3(c), phospho-sili- 
cate glass (PSQ) layers 12 serving as inter-layer insula- 
tion films are formed on the gate electrodes 6 by 
photolithography with contact holes 8a for the emitter 
electrode 8 being formed. The contact holes 8a are pro- 

20 vided exactly on the p"*^-type regions 9B'. Thereafter, a 
high concentration of phosphorus or arsenic ions are 
implanted again as donors through the contact holes 
8a, using the phospho-silicate glass layers 12 and sili- 
con oxide films 11 c as masks, so as to increase the con- 

25 centration of the inner regions of the n-type source 
regions 9A, to thus form the n*-type source contact 
regions 9B. The portions located right under the phos- 
pho-silicate glass layers 12 remain as the n-type source 
regions 9A. After the silicon oxide films 11c are removed 

30 by etching, the emitter electrode 8 made of aluminum is 
formed as shown in Rg. 3(d). The collector electrode 1 
is also formed on the rear surtece of the p'^-type collec- 
tor layer 2. 

In the above method for manufacturing the IGBT 
35 structure according to the present embodiment, the 
high-lmpurity-concentration source contact regions 9B 
can be obtained without increasing the concentration of 
the source regions 9A, merely by adding to the conven- 
tional method a step of doping n-type impurities through 
40 the contact holes 8a before forming the emitter elec- 
trode 8. using as masks the phospho-silicate glass lay- 
ers 12 serving as the inter-layer insulating films. Further, 
in the present method, the high-impurity-concentration 
p"*'-type inner-contact emitter regions 7c can be pro- 
45 vided in addition to the p^-type main emitter regions 7a, 
whereby the p base resistance can be remark€d>ly 
reduced. 

Second Embodiment 

so 

Rg. 4 is an enlarged perspective view showing an 
IGBT semiconductor structure according to a second 
embodiment of the present invention. Fig. 5 is a graph 
showing the relationship between the surbce position 
55 and the surface concentration in a cross section cut 
abng the line A-A* of Fig. 4. 

Similarly to the first embodiment, the IGBT semi- 
conductor structure of the present embodiment includes 
the outer-contact emitter region 7b adjacently formed 
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outside the surface of the main emitter region 7a. small- 
depth n-type source region 9A formed in the surface of 
the outer-contact emitter region 7b. and small-depth n*- 
type source contact region 9B formed in the surface of 
the inner-contact emitter region 7c. The p*-type main 5 
emitter region 7a has comb-shaped expanded portions 
7d which extend through the interface between the n- 
type source region 9A and the n*-type source contact 
region SB up to the surface of these regions 9A, 98. 
Thus, the n-type source region 9A Is provided with nar- 10 
rowed porttons interposed between the expanded por- 
tions 7d, and the diffusion resistance exists as 
parasitic elements in these narrowed portions. Since 
the portion of the n-source region 9A located right under 
the gate electrode 6 extends over the entire width of the 75 
electrode, a whole-width channel is provided right under 
the gate electrode 6 when a positive potential is applied 
to the electrode 6, assuring substantially the same 
channel resistance as that of the first embodiment. 

In the above-described structure, even if the poten- 20 
tial of the outer-contact emitter region 7b is increased 
due to the voltage drop of the base resistance r^ caused 
by hole current when excess current flows upon load 
short-circuiting, for example, the potential of the n-type 
source region 9A also increases as compared with the 25 
that of the emitter electrode 8, due to the voltage drop of 
the diffusion resistance rs caused by electron current. 
As a result, the pn junction between the n-type source 
region 9A and the p-type outer-contact emitter region 7b 
is even less likely to forward-biased, as compared with 30 
the first embodiment, thus assuring increased ability to 
prevent latch-up. While no excess current flows in the 
normal on condltton of the IGBT. however, the diffusion 
resistance rs is added as the ON-state voltage, resulting 
in an increase in the ON-state resistance compared to 3S 
that of the first embodiment. 

A method for manufacturing the IGBT semiconduc- 
tor structure of the second embodiment will be 
explained with reference to Fig. 6(a) to (c) and 7(a) and 

(b). 40 

As in the method for manufacturing the structure of 
the first embodiment, the n*-type buffer layer 3 is lami- 
nated on the p*-type collector layer 2 to provide a sem- 
iconductor substrate 10, as shown in Fig. 2(a). The n - 
type conductivity modulation layer (n base) 4 is then epi- 45 
taxially grown on the n-^-type buffer layer 3. Then, an ini- 
tial oxidation process is conducted so that the surface of 
the n'-type conductivity modulation layer 4 is covered 
with a thick silicon oxide film 1 1 . Subsequently, a mask 
1 1 e having an opening 1 1a or forming the main emitter so 
region 7a is formed from the silicon oxide film 1 1 by pho- 
tolithography, as shown in Fig. 6(a). This opening 11a 
has opposite edges each having rectangular recesses 
1 1d. Then. l)oron ions B* are implanted so as to dope 
acceptors, which are then driven into the n -type con- ss 
ductivity modulation layer 4 so as to form the well- 
shaped p*-type main emitter region 7a. Witii the edges 
of the mask lie having the rectangular recesses, the 
main emitter region 7a has rectangular protruding por- 



tions that are spaced along the edges of the well. 
Another oxidation process is then conducted, to cover 
the opening 1 1d witii a thick silicon oxide film. 

In the next step, a middle portion of the silicon oxide 
film on the main emitter region 7a is left as an implant 
mask 11c while the remaining portion is removed by 
photolithography. After a gate oxidation process is con- 
ducted to form the gate insulating films 5, as shown in 
Fig. 6(b), the gate electrodes 6 made of polysilicon are 
formed on portions between adjacent main emitter 
regions 7a. 7a by photolithography 

In tiie next step as shown in Fig. 6(c), boron ions B^ 
are implanted (channel doping) in a self-aligning man- 
ner using the silicon oxide film 11c and gate electrodes 
6 as masks, to thus dope acceptors. Thereafter, chan- 
nel driving is conducted so as to diffuse p-type regions 
into small-depth end portions of the well of tiie p^-type 
main emitter region 7a, so that the outer-contact emitter 
regions 7b are formed outside the well edges of the 
main emitter region 7a. Since parts of tiie diffused p- 
type regions are located in the respective small-depth 
end portions of the well of the p'*'-type main emitter 
region 7a. the main emitter region 7a is provided with 
inner-contact emitter regions 7c that are heavily-doped 
regions of nearly p"^ type. 

In tiie next step as shown in Fig. 7(a), a high con- 
centration of phosphorus or arsenic ions are Implanted 
as donors in a self-aligning manner using the silicon 
oxide film 11c and gate electrodes 6 as masks, to form 
small-depth n-type source layers 9* in surface layers of 
tfie main emitter region 7a and outer-contact emitter 
regions 7b. As a result, the n-type source regions 9A 
are formed in tiie surface layers off the outer-contact 
emitter regions 7b. while the p'*"-type regions 9B' are 
formed in the surface layers of the inner-contact emitter 
regions 7c of the main emitter region 7a. 

In the next step as shown in Rg. 7(b). phospho-sili- 
cate glass (PSQ) layers 12 serving as inter-layer insula- 
tion films are formed on tiie gate electrodes 6 by 
photolithography with contact holes 8a for forming tiie 
emitter electrode 8 being formed. The contact holes 8a 
are provided exactly on the p*-type regions 9B\ The 
end portions of the phospho-silicate glass layers 12 
defining the contact holes Sa extend over the pn junc- 
tions formed between alternately arranged n and p"^ 
regions. Thereafter, a high concentration of phosphorus 
or arsenic ions are implanted again as donors through 
the contact holes 8a. using the phospho-silicate glass 
layers 12 and silicon oxide film 1 1c as masks, so as to 
increase the concentration of the inner regions of the n- 
type source layers 9 to thus form the n+-type source 
contact regions 9B. The portions of the source layers 9 
located right under the phospho-silicate glass layers 12 
remain as the n-type source regions 9A, After the silicon 
oxide film 11c is removed by etching, tiie emitter elec- 
ti'ode 8 made of aluminum is formed, as shown in Rg. 4. 
The collector electrode 1 is also formed on the rear sur- 
face of tiie p*-type collector layer 2, as shown in Fig. 1 . 
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Third Embodiment 

Fig. 8(a) is a circuit diagram showing the circuit 
construction of IGBT according to a third embodiment of 
the present invention. Fig. 8(b) is a graph showing the s 
relationship between the emJtter-gate voltage and the 
collector saturation current. 

The IGBT 1 00 of the present embodiment is a com- 
posite IGBT combining a pnp-type first IGBT 1 having a 
low threshold voltage Vjhi and a pnp-type second io 
IGBT 2 having a Ngh threshold voltage Vth2- Th® 
threshold voltage VjHa second IGBT 2 is set to be 
higher than the threshold voltage Vjhi of the first IGBT 
1 . so that a difference between these threshold voltages 
Vjhi anci Vjh2 is on the order of IV, which is much is 
greater than a range of ±0.3V of errors between these 
threshold voltages encountered in a normal process. 
For example, the lower threshold value Vjhi is set to 4V. 
while the higher threshold value Vth2 'S set to 8V. 

In the present emtxxliment. the device size of the 20 
first IGBT 1 is made substantially equivalent to that of 
the second IGBT 2. Thus, as shown in Fig. 8(b), the 
composite IGBT 100 of the present embodiment has a 
characteristic (solid line) of the collector saturation cur- 
rent Ic with respect to the emitter-gate voltage Vqe . 25 
which is intermediate between the characteristic (one- 
dot chain line) of the first IGBT 1 with the lower thresh- 
old voltage Vthi and that (broken line) of the second 
IGBT 2 with the higher threshold voltage Vth2 

Generally, in an integrated circuit into which is built so 
only the first IGBT 1 having a low threshold voltage Vjhi 
(4\0. a gate voltage Vqe (of 15V, for example) which is 
considerably higher than the threshold voltage Vjhi >s 
applied to the gate electrode. If a voltage equivalent to 
the supply voltage Vcc »s applied between the emitter 3s 
and collector upon load short-circuiting, therefore, 
excess current flows through the first IGBT 1 with a 
result of breakdown. In an integrated circuit into which is 
txjilt only the second IGBT 2 having a high threshold 
voltage Vth2 (8V), on the other hand, the ON-state volt- 40 
age (collector saturation voltage) becomes high due to 
a small margin between the threshold voltage Vjh2 and 
the gate voltage applied in normal switch-on operations. 
Thus, the integrated circuit of this type is not suitable for 
switching operations. ^ 

In the conrposite IGBT 100 of the present emljodi- 
ment. on the other hand, the threshold voltage coin- 
cides with the threshold voltage Vxhi- and normal 
switch-on/off operations can be thus accomplished 
without any problem as in the first IGBT 1 , and the ON- so 
state voltage does not increase. Further, the current 
value of the collector saturation current Ic of the com- 
posite IGBT 100 is lower than that of the first IGBT upon 
load short-circuiting. Thus, the composite IGBT 100 
shows improved capability to withstand load short- ss 
circuiting. 

Rg. 9 is a cross sectional view showing a first sem- 
iconductor structure which provides the composite 
IGBT 100 of Fig. 8(a). This semiconductor structure 



includes p-type, low-impurity-concentration emitter lay- 
ers 17a in the form of wells formed in the surface of an 
n'-type conductivity modulation layer (n base) 4, and p- 
type, high-impurity-concentration emitter layers 17b in 
the form of wells formed in the surface of the conductiv- 
ity modulation layer 4. Since the emitter layers 17a have 
a lower surface impurity concentration than the emitter 
layers 17b, each portion of the structure including an 
emitter layer 17a is part of the IGBT 1 having the low 
threshold voltage Vxhi. and each portion including an 
emitter layer 17b is part of the IGBT 2 having the high 
threshold voltage Vth2- Thus, .,the.threshokl voltage of 
the IGBT differs between two adjacent p-type wells. 

Rg. 10 is a cross sectioned view showing a second 
semiconductor structure that provides the corrposite 
IGBT 100 of Rg. 8(a). In this semicorxiuctor structure, 
one half (region A) of each p-type emitter layer (well) 17 
is formed with a low impurity concentration, and the 
other half (region B) is formed with a high inrpurity con- 
centration. Thus, each portion of the structure including 
a region A is part of the IGBT 1 having the low threshold 
voltage Vjhi» and each portion of the structure includ- 
ing a region B is part of the IGBT 2 having the high 
threshold voltage V7H2 

Rg. 1 1 is a cross sectional view showing a third 
semiconductor structure which provides the composite 
IGBT 100 of Fig. 8(a). This semiconductor structure 
includes p-type emitter layers (wells) 17 in the form of 
planar stripes (only one being shown) formed in the sur- 
face of the n'-type conductivity modulation layer (n 
base) 4. Each emitter layer 17 has p-type low-concen- 
tration regions 17A and p-type high-concentration 
regions 1 7B that are alternately arranged in the longitu- 
dinal direction of the stripe-like layer 1 7. Each portion of 
the structure including a p-type low-concentration 
region 17A is part of the IGBT 1 having the low thresh- 
old voltage Vthi. and each portion including a p-type 
high-concentration region 1 78 is part of the IGBT 2 hav- 
ing the high threshold voltage Vjh2- 

Rg. 12(a) is a cross sectional view showing another 
semiconductor structure that realizes the composite 
IGBT 100. Fig. 12(b) is a graph showing the relationship 
between the collector saturation current and the emitter- 
gate voltage in the semiconductor structure of Rg. 
12(a). This semiconductor structure indudes p-type, 
low-impurity-concentration emitter layers 17a in the 
form of wells formed in the surface of the n'-type con- 
ductivity modulation layer (n l>ase) 4, and p-type. high- 
impurity-concentration emitter layers 1 7b in the form of 
wells formed in the surface of the conductivity modula- 
tion layer 4. The channel length In the emitter layers 
1 7a is made longer than the channel length l^, in the 
emitter layers 17b. Since the surface concentration of 
the emitter layers 17a is lower than that of the emitter 
layers 17b. each portion of the structure including an 
emitter layer 17a is part of the IGBT 1 having the low 
threshold voltage Vjhi. and each portion including an 
emitter layer 17b is part of the IGBT 2 having the high 
threshold voltage Vjhs ^^is case, however, the ON- 
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state resistance of the IGBT 1 is larger than that of the 
IGBT 2 sine the channel length of the IGBT 1 is 
greater than the channel length Lb of the IGBT 2. 
Accordingly, the transconductance (g = Dl ^ / DV ) of 
the IGBT 1 is smaller than that of the IGBT 2. as shown 
in Fig. 12(b), and therefore the composite IGBT 100 of 
Fig. 12 can more effectively suppress excess current 
upon load short-circuiting as compared with the semi- 
conductor structures shown in Figs. 9-1 1 . 

Fourth Embodiment 

Fig. 13 is a cross sectional view showing a semi- 
conductor structure of IGBT according to a fourth 
emkxxiiment of the present invention. The semiconduc- 
tor structure of the present embodiment includes a p- 
type emitter layer (p base) 7 formed as a well in the sur- 
face of the conductivity nKxiulation layer (n base) 4, and 
first gate electrodes 6 and second gate electrodes 16 
made of polysilicon and formed on the conductivity 
modulation layer 4 through gate insulating films 5. The 
structure further includes n'^^-type source layers 19 and 
n'*'-type source contact layers 29 which are formed as 
wells in the surface of the emitter layer (p t>ase) 7 in self- 
aligned manner using the first gate electrodes 6. 16 as 
masks, and an emitter electrode 18 made of aluminum 
and held in ohmic contact with both the n'^-type source 
layers 29 and emitter layer 7. Each of the second gate 
electrodes 16 is formed so as to overlap the corre- 
sponding source layer 19 and source contact layer 29. 
to thus provide a switching lateral MOSFET 20 wherein 
the source layer 19 serves as a drain, and the source 
contact layer 29 serves as a source. 

When the IGBT is turned on with a positive potential 
applied to the first gate electrodes 6 and the second 
gate electrodes 16. the switching lateral MOSFET 20 is 
turned on so that electron curent 1^ flows through an n 
channel of the switching lateral MOSFET 20. If load 
short-circuiting occurs, the switching lateral MOSFET 
20 operates in a saturation region (non-linear region) in 
which the electron current Ie is limited by the saturation 
current, and therefore excess current is unlikely to flow. 
Since this state is equivalent to occurrence of high 
channel resistance, the potential of the source layer 19 
Is increased to be higher than the potential of the emitter 
electrode 18, and the pn junction between the source 
layer 19 and the emitter layer 7 is less likely to be for- 
ward-biased, thus assuring high ability to prevent latch- 
up. 

When the IGBT is in the OFF state, the n-channel of 
the switching lateral MOSFET 20 disappears, and the 
conductance between the source layer 19 and the 
source contact layer 29 is interrupted, whereby the 
source layer 19 is held in a floating condition. In the 
DMOS structure of the conventional IGBT as shown in 
Fig. 16, when the potential of the gate electrode 6 is 
dropped to be lower than the threshold voltage upon 
turn-off. the electron current is sharply reduced due to 
disappearance of a channel of DMOS, and latch-up may 



occur during a rapid increase in the emitter-collector 
voltage, with the pn junction between the source layer 9 
and the emitter layer 7 being forward biased due to an 
increase in a hole current component. 
5 In the present embodiment, however, the source 
layer 19 is not grounded but brought into the floating 
condition upon turn-off. and thus latch-up does not 
occur even with' the above pn junction being forward 
biased. 

10 Fig. 14(a) shows a planar pattern of the semicon- 
ductor structure of Fig. 13, Rg. 14(b) is a cross sec- 
tional view taken along line A-A* of Fig. 14(a), and Fig. 
14(c) is a cross sectional view taken along line B-B' of 
Fig. 14(a). The n'^-type source layer 19 consists of a 

IS channel-width equivalent portion 19a (i.e., a portion 
having a width corresponding to that of the channel 
width; note that the channel width is the vertical dimen- 
sion as seen in Fig. 1 4(A) and the direction perpendicu- 
lar to the paper plane as seen in Fig. 13) located right 

so under the edge of the strip gate electrode 6. and a 
small-width portion 19b (i.e. a portion having a width 
smaller than that of the channel and of the portion 19a) 
which protrudes from the portion 19a. The n'*'-type 
source contact layer 29 having a small width is located 

25 under the emitter electrode 18, to be aligned with the 
small-width portion 19b of the source layer 19. The sec- 
ond gate electrode 16 having a rectangular shape with 
a smaller width than the gate electrode 6 overlaps the 
small-width portion 1 9b and the source contact layer 29. 

30 In this arrangement, the diffusion resistance rg exists as 
a parasitic element in the small-width portion 19b. as 
well as the channel resistance r^^ of the switching lateral 
MOSFET 20. This leads to improved capability to with- 
stand load short-circuiting. 

35 Fig. 15(a) shows a planar pattern of an improve- 
ment of the structure shown in Fig. 14, Rg. 15(b) is a 
aoss sectional view taken along line A-A' of Fig. 15(a), 
arvj Fig. 15(c) is a cross sectional view taken along line 
B-B' of Fig. 15(a). In the structure of Rg. 14 In which the 

40 second gate electrodes 16 are provided, the diffusion 
resistance r^ in the path of hole current Ih is increased 
due to an increased distance between the source layer 
19 as a source for Injecting the electron current Ie and 
the emitter electrode 18 for collecting the hole current Ih 

45 . Therefore, the diffusion resistance r^ needs to be fur- 
ther lowered. In the semiconductor structure of the 
present emkxxliment. second emitter electrodes 28 are 
provided for collecting only the hole current Ih, so that 
the first emitter electrode 18 serves as a source for 

so injecting only the electron current i^. 

The second emitter electrodes 28 are disposed 
between adjacent small-width portions 19b of the 
source layer 19. Second gate electrodes 26 are formed 
in strip shape, and an n*-type source contact layer 39 is 

55 also formed in the shape of a strip to extend in parallel 
with the electrode 26. Since the second emitter elec- 
trodes 28 are formed adjacent to the source layer 19. 
the length of the path of the hole current Ih in the emitter 
layer 7 is reduced, and the diffusion resistance Ts is low- 
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ered, thereby assuring further irrproved capability to 
withstand load short-circuiting. 

While the illustrated embodiments are concerned 
with pnp-type IGBT, npn-type IGBT according to the 
present invention may be easily provided by inverting 
the conductivity type. 

As explained above, the present invention yields 
the following effects. 

1) In the first structural arrangement of the present 
invention, the second-conductivity-type source 
layer has a non-unitbrm impurity concentration, and 
consists of a high-impurity-concentration source 
contact region and a source region having a lower 
impurity concentration than the source contact 
region. The resultant IQBT exhibits improved ability 
to prevent tatch-up, and improved capability to with- 
stand breakdown upon load short-circuiting. With 
the high-concentration source contact region being 
connected to the source region, the contact resist- 
ance is not increased, and the low ON-state voltage 
can be maintained. 

2) In the structure wherein the first-conductivity- 
type emitter layer has the first-conductivity-type 
main emitter region (well) having a high impurity 
concentration, and the first-conductivity-type outer- 
contact emitter regbn (well) formed adjacent to a 
wett edge of the main emitter region outside of and 
at a depth smaller that that of the main emitter 
region, the diffusion resistance value of the portion 
right under the source contact region is reduced 
due to the increased impurity concentration of the 
main emitter region, without incurring variations in 
the threshold voltage of the MOS portion. There- 
fore, the ability to prevent latch-up is improved. 

3) In the structure provided with the first-conductiv- 
ity-type inner-contact emitter region having a higher 
impurity concentration than the main emitter region, 
the diffusion resistance value is further reduced, 
assuring further improved ability to prevent latch- 
up. 

4) In the structure provided with the first-conductiv- 
ity-type comb-shaped expanded portion which 
extends from the main emitter region to the surface 
of the connected portion of the source region and 
source contact region, the voltage of the source 
region is increased with a voltage drop due to the 
diffusion resistance in the nanrowed portions of the 
source region, whereby the ability to prevent latch- 
up can be increased. 

5) In the drcuit arrangement of the present inven- 
tion, the threshold voltage of the composite IGBT is 
made equal to the low threshold voltage of the first 
IGBT. so that normal switch-on/off operations can 
be effected without any problem, and the ON-state 



voltage is not increased. Upon short-circuiting of a 
load, the value of the collector saturation current of 
the composite IGBT is made lower than that of the 
first IGBT 1, whereby the capability to withstand 
5 load short-circuiting is improved. 

6) In the structure wherein the ON-state resistance 
of the first IGBT is set to be higher than that of the 
second IGBT, the transconductance of the IGBT 1 

10 is smaller than that of the IGBT 2, thereby enabling 
the composite IGBT to suppress the excess current 
upon load short-circuiting. 

7) In the second structural arrangement of the 
15 present invention, the lateral MOSFET consisting of 

the source contact layer, source layer and second 
gate electrode operates in a saturated region (non- 
linear region) when load short-circuiting occurs, 
and the current is limited by the saturation current. 

20 In this arrangement, the excess current is less likely 
to flow, thus assuring inproved ability to prevent 
latch-up. Since the lateral MOSFET is tumed off 
upon turn-off of the IGBT, the source layer is not 
connected to the emitter electrode arvJ brought into 

25 the floating condition. This makes it possible to pre- 
vent latch-up which would othenvise b% likely to 
occur upon turn-off. 

8) In the structure provided with the second emitter 
30 electrode held in ohmic contact with the surface of 

the well edge portion of tiie emitter layer, the cur- 
rent flows into the second emitter electrode through 
a shorter path in the emitter layer, whereby the dif- 
fusion resistance value is lowered, and the capabil- 
35 ity to withstand load short-circuiting can be further 
improved. 

Claims 

40 1 . A semiconductor device, comprising : 

a first-conductivity-type collector layer (2) hav- 
ing a rear surface on which a collector elec- 
trode (1) is formed; 
45 a second-conductivity-type buffer layer (3) lam- 

inated on a front surfoce of said collector layer 
(2): 

a second-conductivity-type conductivity modu- 
lation layer (4) formed on said buffer layer (3); 

so a first-conductivity-type emitter layer (7a, 7b) 

formed as a well in a surface of said conductiv- 
ity modulation layer (4); 
a second-conductivity-type source layer (9A, 
9B) formed in a surfece of a well edge portion 

55 of said emitter layer (7a. 7b): 

a gate electrode (6) formed through a gate 
insulating film (5) to overlap said source (9A) 
layer and said conductivity modulation layer 
(4): and 



10 



<EP 0810671 A2_l_> 



19 



EP 0 810 671 A2 



20 



an emitter electrode (8) that is in ohmic cx>ntact 
with both said emitter layer (7a, 7b) and said 
source layer (SB); wherein 
said source layer includes a second-conductiv- 
ity-type source region (9A) formed in the well 
edge of said emitter layer (7a, 7b), and a sec- 
ond-conductivity-type source contact region 
(9B) formed adjacent to the source region (9A) 
and held in ohmic contact with said emitter 
electrode (8), said source contact region (9B) 
having a higher impurity concentration than 
said source region (9A). 

2. A semiconductor device as defined in claim 1, 
wherein said emitter layer includes a first-conduc- 
tivity-type high-impurity-concentration main emitter 
region (7a) in the form of a welt, and a first-conduc- 
tivity-type outer-contact emitter region (7b) in the 
form of a well, which is formed adjacent to a well 
edge of said main emitter region (7a), to be located 
outside of the main emitter region, and has a depth 
smaller than that of the main emitter region. 

3- A semiconductor device as defined in claim 2. 
wherein said emitter layer further includes a first- 
conductivity-type inner-contact emitter region (7c) 
in the form of a well, which is formed adjacent to the 
well edge of said main emitter region (7a), to be 
located inside the main emitter region, has a depth 
smaller than that of the main emitter region and has 
a higher impurity concentration than the main emit- 
ter region (7a). 

4. A semiconductor device as defined in claim 2 or 3, 
wherein said main emitter region includes a first- 
conductivity-type comb-shaped expanded portion 
(7d) which extends through an interface portion 
between said source region (9A) and said source 
contact region (98) up to a surface of said source 
layer. 



than the ON-state resistance of said second insu- 
lated gate bipolar transistor (IGBT 2). 

7. A semiconductor device, comprising: 

5 

a first-conductivity-type collector layer (2) hav- 
ing a rear surface on which a collector elec- 
trode (1) is formed: 

a second-conductivity-type buffer layer (3) lam- 
to inated on a front surface of said collector layer 
(2): 

a second-conductivity-type conductivity modu- 
lation layer (4) formed on said buffer layer (3); 
a f irst-corxluctivity-type emitter layer (7) formed 
IS as a well in a surface of said conductivity mod- 

ulation layer (4); 

a second-conductivity-type source layer (19) 
formed in a surface of a well edge portion of 
said emitter layer (7); 

20 a gate electrode (6) formed through a gate 

insulating film (5) to overlap said source layer 
(19) and said conductivity modulation layer (4); 
a second-conductivity-type source contact 
layer (29; 39) formed in a surface of said emit- 

25 ter layer (7) to be spaced from said source layer 

(19); 

an additional gate electrode (16; 26) formed 
through a gate insulating film (5) to overlap said 
source layer (1 9) and said source contact layer 
30 (29); and 

an emitter electrode (18) that is in ohmic con- 
tact with both said emitter layer (7) and said 
source contact layer (29). 

35 8. A semiconductor device as defined in daim 7, fur- 
ther including a second emitter electrode (28) which 
is in ohmic contact with the surface of the well edge 
portion of said emitter layer (7). 



5. A semiconductor device, comprising: 



a first-conductivity-type first insulated gate 
bipolar transistor (IGBT 1) in which current is 4S 
controlled by a gate electrode; and 
a first-conductivity-type second insulated gate 
bipolar transistor (IGBT 2) which is connected 
to said first one in parallel to provide a mono- 
lithic structure, and in which current is control- so 
led by said gate electrode, 
said second IGBT (IGBT 2) having a threshold 
voltage (Vth2) t^^at 'S higher on the order of 1 
volt than a threshold voltage (Vthi) of said first 
one (IGBT 1). ss 

6. A semiconductor device as defined in claim 5, 
wherein said first insulated gate bipolar transistor 
(IGBT 1) has an ON-state resistance that is higher 
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